ABSTRACT: Patterns and processes affecting juvenile scleractinian corals have received very little attention due to difficulties associated with detecting small corals on natural substrata. However, processes occurring during juvenile life stages are likely to play a strong role in population ecology. In particular, spatial differences in juvenile demographic rates may result in prominent differences in population and community structure for corals. In the present study, we compared the density, taxonomic composition, size structure, growth and mortality rates of juvenile corals (≤50 mm) and the cover and composition of adult coral assemblages among sites on Trunk Reef (central Great Barrier Reef) and Moorea (French Polynesia). There was significant regional variation in the taxonomic composition of coral assemblages within both adult and juvenile assemblages, with Pocillopora being the predominant coral genus in Moorea and Acropora at Trunk Reef. However, there were no differences in the density, growth or mortality rates of juvenile corals between Moorea and Trunk Reef. Most of the variation in these variables was evident at the small (within-reef) scale, with exposed sites having lower densities and higher rates of mortality of juvenile corals than sheltered sites at both locations. The lack of geographic variation in the density, growth and mortality rates of juvenile corals is interesting given that the cover of adult coral was 3-fold higher on Moorea (31.1%) than Trunk Reef (10.8%), suggesting that adult coral assemblages are structured more by differential adult mortality, larval settlement or very early post-settlement mortality (before colonies can be observed in situ), rather than demographic rates of juvenile growth or mortality.
INTRODUCTION
Scleractinian corals, like most marine invertebrates, have a bipartite life cycle in which larvae develop in the plankton before settling and attaching to the substratum. The larval stage therefore provides an important means of dispersal for sessile reef corals, enabling colonisation of new habitats, recolonisation following disturbance, and genetic exchange among subpopulations (Caley et al. 1996) .
Ultimately, the distribution and abundance of larvae may also limit geographic distributions and regulate local populations of marine organisms (Hughes 1990 , Cowen & Sponaugle 2009 , Weersing & Toonen 2009 ). However, the abundance of new recruits (assumed to reflect variability in larval supply) often shows little or no relation to patterns of adult abundance (Bak & Engel 1979 , Rylaarsdam 1983 , Fisk & Harriott 1990 , Baird & Hughes 1997 , Hughes et al. 1999 , Penin et al. 2010 , suggesting that spatial and temporal variation in recruitment has limited influence on the distribution and abundance of adult corals (Hughes et al. 1999 (Hughes et al. , 2002 . The effects of larval input on adult abundance may be difficult to detect because adult abundance reflects the accumulation of recruits over many successive cohorts, and infrequent years of very high recruitment might have a disproportionate influence on adult abundance (Edmunds 2000) . Alternatively, extreme variability in post-settlement growth and mortality may effectively decouple relationships between recruitment rates and adult abundance (Hughes et al. 1999 (Hughes et al. , 2002 .
Estimates of post-settlement mortality in scleractinian corals are rare, but mortality is known to vary with size, with the smallest size class (<10 mm recruits; Penin et al. 2010 ) experiencing up to 100% mortality within the first year (Harriott 1983 , Rylaarsdam 1983 , Babcock 1985 , Babcock & Mundy 1996 , thereby representing a critical demographic bottleneck for coral populations (Vermeij & Sandin 2008) . For example, early post-settlement mortality in Acropora millepora, Goniastrea aspera and Platygyra sinensis was found to be > 65% during the first 8 mo after settlement (Babcock 1985) . High rates of mortality may therefore have an important role in regulating the abundance and composition of adult coral assemblages (Vermeij & Sandin 2008 , RitsonWilliams et al. 2009 ). For post-settlement processes to influence patterns of adult abundance, there must be significant and consistent variation in growth or mortality among locations or habitats (Bak & Engel 1979 , Rylaarsdam 1983 , Hixon & Carr 1997 . Studies that have explored variation in post-settlement mortality of scleractinian corals (e.g. Babcock & Mundy 1996 , Mundy & Babcock 2000 , Glassom & Chadwick 2006 ) have detected significant spatial and/or temporal variation in rates of mortality. Nonetheless, these studies concluded that spatial variation in abundance of corals is established mostly at settlement, due to large-scale variation in larval supply (Glassom & Chadwick 2006) or finescale settlement preferences of coral larvae (Babcock & Mundy 1996 , Mundy & Babcock 2000 . However, large-scale differences in demographic rates (growth and mortality) for early post-settlement coral stage or 'coral recruits' (i.e. individuals invisible to the naked eye on the substrate, size <10 mm), and later post-settlement stage or 'juvenile corals' (i.e. visible on the substrate, size >10 mm; see Penin et al. 2010) , may contribute to geographic variation in abundance and/or resilience of coral assemblages (Sammarco 1985 , Hughes et al. 1999 , Wilson & Harrison 2005 , Roff & Mumby 2012 .
Coral populations show high spatial heterogeneity in abundance and taxonomic composition across a range of scales, reflecting variation in biotic and abiotic processes acting on the different life stages (Connolly et al. 2005 , Cornell et al. 2007 . In particular, the supply of coral larvae, their successful settlement, and subsequent survival and growth can have a marked influence on local population structure. These processes are expected to differ greatly across geographic scales given the dissimilarities in adult coral assemblages, local hydrodynamics, disturbances history, competition, and sources of predation (e.g. sea star, fish, sea urchin and gastropod communities) at such scales (Connell et al. 1997 , Hughes et al. 2000 . On the Great Barrier Reef (GBR), settlement rates of corals have been shown to be much lower on southernmost reefs (e.g. Heron Island) compared to northern reefs (e.g. Lizard Island), whereas adult coral cover did not vary over this scale (Hughes et al. 1999) . The discrepancy between these 2 life stages has been attributed to large-scale differences in underlying population dynamics (Hughes et al. 1999) , whereby regional differences in post-settlement mortality can compensate for marked differences in settlement rates.
Few studies have specifically quantified postsettlement growth and mortality of juvenile corals, partly due to the effort required. To date, geographical variation in the status of coral reefs and particularly coral cover and composition is mostly attributed to differences in disturbance regimes and rates of adult mortality (Ruiz-Zárate & Arias-González 2004) . It is possible, however, that there are inherent differences in key demographic processes, such as postsettlement growth and mortality of juvenile corals, that may greatly influence the resilience of coral populations and communities. The purpose of the present study was to compare the density, taxonomic composition, growth and mortality of juvenile scleractinian corals between Moorea, French Polynesia and Trunk Reef, central GBR, Australia. Juveniles were defined as colonies visible to the naked eye with a maximum diameter ≤50 mm (sensu Rylaarsdam 1983 , Miller et al. 2000 , 2010 , Hoey et al. 2011 . Earlier studies on settlement rates on the reef crest at Moorea (~40 recruits m −2 yr −1 ; Adjeroud et al. 2007 ) revealed that settlement rates were an order of magnitude lower than on the central GBR mid-shelf reef crest (approx. 200 to 700 recruits m −2 yr −1
; Hughes et al. 1999) , despite having similar cover of adult corals . Comparisons between French Polynesia and Australia's GBR are intended to test whether post-settlement pro-cesses should be considered in ongoing studies to understand regional differences in the vulnerability and resilience of coral assemblages (Wilkinson 2004) .
MATERIALS AND METHODS

Field sampling
Growth and mortality of juvenile corals were quantified at Moorea (17°29' S, 149°5' W) in the Society Islands, French Polynesia, and at Trunk Reef (18°17' S, 146°5' E), central GBR, Australia (see Fig. 6 ). These 2 locations are at equivalent latitudes, but there are significant and important differences in the environmental settings. Moorea is a large volcanic island (ca. 134 km 2 ) surrounded by a narrow reef (ca. 49 km 2 ), which can be divided into 3 distinct habitats: (1) the fringing reef, separated by a sandy channel, to (2) the barrier reef flat, separated by a reef crest, to (3) the barrier reef slope. The north coast of Moorea is subject to moderate swell during the summer (November to April), whereas the west coast is ex posed to highamplitude swell throughout the year ). Reefs in Moorea have been subjected to several large-scale disturbances over the past 3 de cades , which have caused dramatic shifts in assemblage structure and loss of total coral cover (Berumen & Pratchett 2006 , Kayal et al. 2012 .
Trunk Reef is a large mid-shelf reef in the central GBR (ca. 125 km 2 ), located approximately 58 km from the mainland coast. Trunk Reef has welldeveloped continuous reef along the relatively exposed east, south and western margins, partially enclosing a large shallow lagoon. Trunk Reef is part of an extensive complex of reefs, with < 2 km to the adjacent reef (Bramble Reef). These reefs were subject to fairly extensive bleaching in 2001/2002, which, combined with outbreaks of Acanthaster planci, reduced coral cover to < 5% on the reef crest and down to a depth of 6 to 8 m ), but there was strong recovery in the aftermath of these disturbances (Linares et al. 2011) .
Sampling was conducted in 2003 at Moorea and in 2009 at Trunk Reef, which corresponded to years of maximum coral cover at each of these locations over the last decade (Linares et al. 2011 . At each location, sampling was undertaken at 3 sites on the reef crest habitat, at about 4 to 6 m depth. At Moorea, all sampling was con duc ted on the outer reef crest, with 2 sites (Tiahura and Vaipahu) situated on the north coast, and 1 site (Haapiti) on the west coast. The west coast has the greatest exposure to prevailing trade winds, but reefs on the north coast are subject to strong swells mostly in the summer months. At Trunk Reef, 2 sites were surveyed on the south ('South') and southeast reef crest ('East'), which are directly exposed to prevailing winds and waves. The third site was located on the southwest reef crest ('West'), which is obliquely ex posed to the trade winds. At each site, 3 permanent transects (10 m each) were established, de lineated using steel pegs hammered into the substratum at either end of the transect. The transects were orientated parallel to depth contours, with a minimum of 3 m separating adjacent transects. Juvenile corals (≤50 mm dia meter) were surveyed within 5 replicate 1 m 2 qua drats (non-adjacent), initially positioned randomly along the transect line. Colonies ≤50 mm are likely to be up to 34 mo old based on currently available growth estimates (see Bab cock et al. 2003) , and are likely to be non-reproductive according to minimum reproduction size, especially for the most common genera Acropora, Pocillopora and Porites. Collectively, these genera accounted for 77.7% and 91.6% of the juvenile coral assemblage in Moorea and Trunk Reef, respectively. However, this maximum size might not be appropriate for a few taxa such as Favia sp. that can become sexually mature at sizes as small as 20 mm (Miller et al. 2000) .
To maximise detection of juvenile corals, the 1 m 2 replicate quadrats were divided into a 10 × 10 grid using strings placed at 10 cm intervals along the vertical and horizontal axes. The resulting 100 squares (10 cm 2 each) were systematically inspected for the presence of juvenile corals. All juvenile corals detected during Census 1 were identified to the highest possible taxonomic level (mostly genus), and the maximum diameter was measured to the nearest millimetre using calipers. The size and condition of each coral was then assessed after 6 to 8 mo, during Census 2. The total observation period (6 to 8 mo) is not ideal, because it does not capture total annual mortality, but corresponds closely with several other studies of post-settlement growth and mortality for scleractinian corals (e.g. Babcock & Mundy 1996 , Box & Mumby 2007 . Colo nies that were experiencing partial mortality and thus a decrease in size were characterised by a withdrawal of the tissue that was no longer extending to the base of the skeleton (Edmunds 2007 ). Realised growth rates, accounting for both colonies that in crease and colonies that decrease in mean dia meter, were expressed as mm mo −1 . Potential growth rates, i.e. colonies that grew ≥0 mm mo −1 (following Ed munds 2007), were also calculated to test for any differences with realised growth rates. Mortality rates were expressed as the proportion of individuals that died or were missing on the next census.
Percentage cover of scleractinian corals was recorded at each site within each location using pointintercept methods, whereby coral or substratum types were recorded directly beneath a minimum of 500 uniformly spaced points per site. In the present study, we distinguished 3 major adult coral genera, Acropora, Pocillopora, and Porites, that accounted for 76.0 and 94.2% of the adult coral assemblage in Moorea and Trunk Reef, respectively. All other coral genera were pooled into a single category of 'other'.
Analyses
Abundance of both juvenile and adult corals (all taxa combined) were compared between the 2 geographic locations (Moorea and Trunk Reef), as well as among sites (3 sites per location) using a 2-factor ANOVA. Differences in the taxonomic composition of juvenile and adult coral assemblages (Acropora, Pocillopora, Porites and 'other' corals category) were compared between locations and among sites using a 2-factor multivariate ANOVA (MANOVA). Although quadrats were arranged along transects, transect was not considered as a level in these analyses. The number of juvenile corals per quadrat (both collectively and the main taxa independently) was logtransformed, and percent cover of adult coral was arcsine-square-root-transformed to meet the parametric assumptions.
Monthly growth rates or 'linear extensions' (mm mo −1 ) were calculated by subtracting the maximum diameter at Census 2 from the maximum diameter at Census 1, divided by the number of months between censuses, and monthly mortality rates were calculated by dividing the number of dead juveniles by the number of months between Census 2 and Census 1. Monthly growth rates or 'linear extensions' were log-transformed, and monthly mortality rates were arcsine-square-root-transformed to improve normality and homoscedasticity. A 1-factor ANOVA was used to determine whether realised growth rates differed from potential growth rates, which could indicate whether partial mortality occurred between the 2 censuses. Realised monthly growth and monthly mortality of juvenile corals was compared among the 3 main genera (Acropora, Pocillopora and Porites), between 2 geographic locations (Moorea vs. Trunk Reef), and among sites (3 sites nested within each location) using a 3-factor ANOVA.
Juvenile corals were then separated into 5 size classes: <10, 10−19, 20−29, 30−39 and 40−50 mm. A chi-squared contingency table was used to compare juveniles' size structure between locations for each of the 3 main genera, Acropora, Pocillopora and Porites. Sites within each location were pooled due to the limited number of individuals within some size classes and/or genera. In addition, monthly mortality and realised monthly growth rates were compared among the 5 size classes and between the 2 locations for each genus using a series of 2-factor ANOVAs. Again, sites within each location were pooled to increase power. Monthly mortality rates were arcsinesquare-root-transformed, while no transformations were necessary for monthly growth rates. However, due to the lack of Porites juveniles in Moorea (i.e. ≤40 mm), the 2 larger size classes (30−39 and 40−50 mm) were pooled into 1 size class (30−50 mm). Furthermore, due to the absence of small Pocillopora (i.e. <10 mm) at Trunk Reef, the 2 smaller size classes (0−9 and 10−19 mm) were pooled (0−19 mm).
Finally, a series of correlations were used to determine if: (1) the mortality rates of juvenile corals were related to initial juvenile density, and (2) the density of juvenile corals was related to the cover of adult corals at each location. The correlations between mortality rates and juvenile coral density were based on individual quadrats, with data pooled across the 3 sites within each location (Moorea: n = 45, Trunk Reef: n = 45). Separate analyses were performed for all juvenile corals collectively and the 3 main genera independently (Acropora, Pocillopora and Porites). As total coral cover was not quantified within individual quadrats, the relationship between adult coral cover and the density of juvenile corals was examined at the scale of transects (n = 9 transects per location). Separate analyses were performed for all corals collectively, and the 3 main genera independently (Acropora, Pocillopora and Porites).
RESULTS
Abundance and composition of juvenile corals
A total of 643 juvenile corals were recorded across both study locations (296 at Moorea; 347 at Trunk Reef), corresponding to a mean (± SE) density of 7.14 ± 0.42 juveniles m ). Juvenile coral assemblages at both Moorea and Trunk Reef were dominated by the genera Acropora, Pocillopora and Porites. Collectively, these 3 genera accounted for 77.7% (230/296) of all juvenile corals recorded on the reef crest at Moorea, and 91.6% (318/347) of juvenile corals at Trunk Reef. Other, less abundant genera recorded at Moorea were Acanthastrea (0.3%), Montipora (11.9%), Montastrea (6.4%) and Leptastrea (3.7%), and at Trunk Reef Cyphastrea (0.9%), Echinopora (0.3%), Favia (0.9%), Fa vites (1.5%), Hydnophora (0.3%), Montipora (1.2%), Montastrea (0.9%), Leptastrea (0.6%), Pecti nia (0.3%), Stylocoen (0.6%) and Stylophora (0.4%). The relative abundance of the 3 main genera and the remaining genera pooled together differed significantly among locations (MANOVA: F 4, 81 = 55.55, p < 0.001) and among sites nested within locations (MANOVA: F 16, 336 = 3.125, p < 0.001). Juvenile coral assemblages on Trunk Reef were dominated by Acro pora (39.2%) and Porites (40.9%), whereas Pocillopora was the predominant genus at all sites in Moorea (53.4%; Fig. 1 ). Variation among sites was most pronounced in Moorea, with Acropora and Porites being more abundant at Vaipahu and Tiahura than at Haapiti (Fig. 1) . Conversely, Pocillopora was more abundant at Haapiti (71.2%) than at Vaipahu (39.8%) and Tiahura (59.8%; Fig. 1 ). Densities of 'other' coral genera (in this case, mostly Montipora and Montastrea) were also much higher at Vaipahu (2.6 ± 0.2 juveniles m −2 ) compared to all other sites in Moorea and at Trunk Reef.
Juvenile coral mortality
A total of 175 (out of 643) juvenile corals were dead or could not be found after 6 to 8 mo at Moorea and Trunk Reef, representing an average (± SE) monthly mortality of 4.41 ± 0.51%. This corresponds to an annual average (± SE) mortality rate of 52.92 ± 6.15%. Overall, monthly mortality rates of juvenile corals did not differ between the 2 locations or among the 3 main genera; however, monthly mortality differed among sites within locations (Table 1a , Fig. 2 ). Within each location, mortality rates were higher at the sites directly exposed to the prevailing wind and waves. Mortality at Haapiti (7.40% mo ) and almost 4-fold higher than at Tiahura (2.0% mo −1 ). On Trunk Reef, mortality of juvenile corals on the relatively sheltered West site (3.40%) was approximately 1.5-fold lower than at the more exposed South (4.85%) and East sites (5.30%; Fig. 2 ). Lastly, there was limited evidence of densitydependent morta lity (Fig. 3) . For Porites, monthly mortality rates for juveniles positively correlated with initial densities recorded at Trunk Reef (Table 2 , Fig. 3h ). For all taxa and locations, there was no relationship between initial density of juvenile corals and local mortality rates within quadrats (Table 2 , Fig. 3a−g ).
Juvenile coral growth
For the 468 (out of 643) juvenile corals that were still alive after 6 to 8 mo, absolute growth rates (specifically, change in maximum diameter) ranged from −4.2 up to 5.0 mm mo ). Within Moorea, realised growth rates were highest at Haapiti, the exposed site (2.08 ± 0.17 mm mo , respectively).
Juvenile coral size structure
The size structure of Acropora juvenile corals differed among locations (χ 2 = 23.4, df = 4, p < 0.001; Fig. 5a ), with a higher proportion of smaller juveniles (10−19 mm) at Moorea (16/36 ind.) compared to Trunk Reef (23/136 ind.). Conversely, there was a higher proportion of larger juveniles (30− 39 mm) at Trunk Reef (39/136 ind.) than at Moorea (4/36 ind.; Fig. 5a ). Porites juvenile corals' size structure also varied among locations (χ 2 = 13.9, df = 4, p < 0.01; Fig. 5c ), with also a higher proportion of smaller juveniles (10−19 mm) at Moorea (14/36 ind.) compared to Trunk Reef (32/142 ind.; Fig. 5c ), and a higher proportion of 30−39 mm sized juveniles at Trunk Reef (44/142 ind.) compared to Moorea (7/36 ind.). There was no variation in the size structure of Pocillopora juveniles (χ 2 = 3.6, df = 4, p = 0.46; Fig. 5b ). Monthly mortality rates of Acropora corals differed among the 5 size classes (Table 3 ) and Fisher's least significant difference post hoc test revealed that mortality rates in the size class 10−19 mm was significantly higher than the ones from the 2 larger size classes, 30−39 and 40− 50 mm (Fig. 5d) . However, monthly growth rates of juvenile Acropora did not differ among the 5 size classes (Table 4 , Fig. 5g ). Furthermore, monthly mortality rates and monthly growth rates of Pocillopora and Porites juveniles did not vary significantly among size classes or locations (Tables 3 & 4 , Fig. 5e ,h & 5f,i respectively). Table 1 . Three-factor ANOVAs comparing (a) mortality and (b) growth of juvenile scleractinian corals (≤50 mm) among genera, locations (Trunk Reef and Moorea) and 3 sites within each location. Mortality rates were arcsine-transformed, and monthly growth was log-transformed to meet the parametric assumption. Significant results (p < 0.05) are in bold
Trapon et al.: Geographical variation in juvenile corals
Adult coral cover
The cover of adult corals varied significantly between locations (F 1, 4 = 52.8, p < 0.001) and among sites within each location (F 4, 54 = 7.1, p < 0.001). Overall, the cover of adult corals was almost 3-fold greater on Moorea (31.1 ± 3.8%) than on Trunk Reef (10.8 ± 1.3%). Within each location, coral cover was lowest within the most exposed sites. On Moorea, coral cover was the lowest at Haapiti (15.0 ± 2.9%) compared to Tiahura (46.2 ± 3.6%) and Viapahu (32.0 ± 3.6%; Fig. 6 ). Similarly, on Trunk Reef, adult coral cover was lower at the East site (6.2 ± 1.1%) compared to the South and West sites (13.9 ± 2.3% and 12.3 ± 2.6%, respectively). The taxonomic composition of adult corals differed between locations (MANOVA: F 4, 51 = 76.22, p < 0.001), with coral assemblages do minated by Pocillopora in Moorea (49.3% relative abundance) and by Acropora at Trunk Reef (74.3% relative abundance; Fig. 6 ). There was also significant variation in the composition of adult coral assemblages among sites within each location (MANOVA: F 16, 216 = 3.01, p < 0.001). On Moorea, Porites was relatively more abundant on the most exposed site, Haapiti (24%), than Tiahura (16%) and Viapahu (12%; Fig. 6 ). On Trunk Reef, Acropora and Pocillopora were relatively less abundant and Porites and 'other' coral genera were relatively more abundant at the exposed site (East) than the South and West sites (Fig. 6) . Adult coral cover pooled across all taxa was positively correlated with total juveniles' densities at the transect scale at Moorea (Table 5 , Fig. 7a ) only. However, there was no significant relationship when examining each taxon separately (Table 5 , Fig.  7c−h ) or for total coral cover against total juvenile densities at Trunk Reef (Fig. 7b) .
DISCUSSION
The present study revealed significant differences in the taxonomic structure of juvenile coral (≤50 mm) assemblages between Moorea and Trunk Reef, consistent with observed adult coral assemblages at each location. Juvenile and adult coral assemblages are 163 Fig. 3 . Relationship between monthly mortality rates of juvenile coral and mean initial juvenile densities on the reef crest of Moorea and Trunk Reef, for (a,b) total corals, (c,d) Acropora, (e,f) Pocillopora and (g,h) Porites. Analyses are based on monthly mortality rates and mean juvenile densities per transect (initially n = 45 for each location). Note that the number of quadrats varies, as juvenile corals were not always observed in each quadrat. The solid line (h) represents a significant correlation dominated by Acropora sp. on Trunk Reef (Linares et al. 2011 , Trapon et al. 2013 , the present study), and by Pocillopora sp. on Moorea , Prat chett et al. 2011 ; Hughes et al. 1999) . If these estimates are broadly representative of settlement rates at these locations, the similar densities of juvenile corals in the present study suggests that rates of early postsettlement mortality (i.e. before becoming visible to the naked eye at approximately 10 mm size; Penin et al. 2010) were lower in Moorea, and may compensate, at least to some extent, for the reduced larval supply at this location compared to Trunk Reef. Alternatively, the similar densities of juvenile corals at the 2 locations may re flect a marked decline in larval supply and/ or settlement rates in the central GBR compared to rates measured by Hughes et al. (1999 Hughes et al. ( , 2000 over a decade ago. However, determining the relative importance of larval supply and early postsettlement mortality in shaping juvenile coral populations at these 2 locations is difficult in the absence of recent and comparable estimates of coral settlement.
Despite systematic and focused sampling for juvenile corals, the minimum size de tec ed on natural substratum was 5 mm, which is substantially larger than the mean size at settlement for scleractinian corals (see Babcock et al. 2003) . Therefore, we almost certainly underestimated local densities of newly settled corals in the size class <10 mm, and have not fully captured rates of mortality that occur within the smallest size class. Corals are known to suffer high mortality within the first weeks to months after settlement (Babcock 1985 , Wilson & Harrison 2005 , and much of this mortality has been attributed to incidental predation by scraping and ex cavating parrotfishes (Rotjan & Lewis 2008 , Penin et al. 2010 , Trapon et al. 2013 . Interestingly, published estimates of abundance and biomass of parrotfishes, especially the larger excavating species, are considerably greater on the GBR than in Moorea (Bellwood et al. 2003 , Hoey & Bellwood 2008 , Adam et al. 2011 . However, the lack of variation in mortality of juvenile co rals between Moorea and Trunk Reef suggests that such differences in parrotfish assemblages may be having limited effects on the mortality rates of later-stage (i.e. ≥10 mm) juvenile corals. There was, however, signi ficant variation in mortality rates among size classes of Table 2 . Relationship between monthly mortality of juvenile corals and initial juvenile densities (Census 1) at Moorea and Trunk Reef. Pearson's correlation coefficients (r) are given for correlations for all coral taxa collectively (i.e. total juvenile monthly mortality vs. total juvenile density), and the 3 most abundant genera independently (e.g. Acropora monthly mortality vs. juvenile Acropora density). Correlations are based on monthly mortality rates and mean initial juvenile densities per quadrat (n = 45). Note that the number of quadrats varies, as juvenile corals were not always observed in each quadrat. Significant results (p < 0.05) are in bold juvenile corals, with mortality decreasing with increas ing size, but only for juvenile Acro pora corals. Mortality also tended to be higher within the smaller size classes for juvenile Pocillopora; however, high variation in mortality estimates within size classes precluded the detection of any differences between size classes. This variation in mortality among juvenile coral taxa is difficult to explain, but may be related to the higher growth rates of Acropora compared to Pocillopora and Pori tes corals, enabling them a faster 'escape in size'. Bak & Meesters (1998) suggested that once corals reach a certain size (~5 mm), they may be afforded a size refuge (Babcock & Mundy 1996) , especially from incidental grazing by parrotfishes (Penin et al. 2010 , Doropoulos et al. 2012 .
Although there were no detectable differences in the density, mortality and growth of juvenile corals between Moorea and Trunk Reef, there was significant variation among sites within each reef. In general, the density of juvenile corals was lower and growth and mortality higher at exposed sites compared to the sheltered sites in both locations. For example, the exposed site on Moorea, Haapiti, had fewer juvenile corals (3.80 ind. m −2 ) than Tiahura and Vaipahu (7.47 and 8.46 ind. m −2 respectively). Similar variation in abundance of juvenile corals has been reported at these sites previously , and may be related to the differential mortality among sites, as juvenile corals at Haapiti experienced 2-to 4-fold higher mortality than Tiahura and Vaipahu. Similarly, on Trunk Reef, the density of juvenile corals was lower and mortality rates 1.5-fold higher on the exposed sites (South and East) than the sheltered site (West). The mechanistic basis for these patterns is difficult to determine, but may be related to variation in environmental conditions. For example, turbulent flows reduce the settlement of temperate macroalgae by reducing the delivery of larvae to the substratum and increasing rates of detachment (Taylor et al. 2010) , and these may have similar effect on the delivery and settlement of coral larvae. Increased wave energy at exposed sites may also lead to sediment scouring of the colonies by increasing sediment re-suspension in the water column (Bak & Engel 1979 , Babcock & Smith 2002 ). Realised growth rates (i.e. including colonies that both increased and decreased in diameter) did not differ between Trunk Reef and Moorea (mean of 1.55 and 1.57 mm mo −1 respectively), and were comparable to previous estimates of both Indo-Pacific and Caribbean corals (see Babcock et al. 2003) . Moreover, realised and potential growth rates were not significantly different, with only 23 out of 468 juvenile colonies experiencing partial mortality, as evidenced by a decrease in size. As damage inflicted to juvenile corals is often as large as the size of the colony, they are more likely to suffer total, rather than partial, mortality (Hughes & Jackson 1980 , Meesters et al. 1997 . Interestingly growth rates of juvenile corals were greatest on exposed sites within each location, coinciding with sites of highest mortality. Favourable conditions for the growth of juvenile corals may not necessarily be favourable for the survival of juvenile corals (Glassom & Chadwick 2006) . For example, the higher water flow and productivity of exposed sites may enhance coral growth (Sebens et al. 2003) , but may also contribute to increased mortality through physical damage, abrasion, or associated fish communities.
Together with the variation in density, growth and mortality, the taxonomic composition of juvenile corals also differed among locations and sites. Overall, Pocillopora dominated the juvenile coral assemblage on Moorea (53.4%), while Acropora and Porites were the dominant genera on Trunk Reef (39.2% and 40.9%, respectively. The low abundances of both adult and juvenile Acropora in Moorea is largely attributable to the high frequency and severity of acute disturbances. In shallow exposed reef environments, disturbances such as storms (Birkeland et al. 1981 , Maida et al. 1994 , bleach ing related to increases in sea surface temper- Table 4 . Two-factor ANOVAs comparing monthly growth (mm mo ature, sedimentation (Gilmour 1999) , and terrestrial runoff (Dubinsky & Stambler 1996) are frequent and can greatly influence taxonomic variation in mortality rates and further augment taxonomic differences in the ju venile and ultimately in the adult assemblages over region/oceanic scales. For example, Acropora spp. are very susceptible to breakage from cyclones, climate-induced coral bleaching, as well as predation by the corallivorous sea star Acanthaster planci (Pratchett 2010) . At Moorea, recurrent disturbances over the last 3 decades have led to the gradual re placement of Acropora with other genera in Moorea (Berumen & Pratchett 2006 . Moreover, the low abundances of large juvenile (i.e. 30−50 mm diameter) Acropora and Porites may also reflect the recent disturbance history of this location, with mortality of adult corals leading to reduced larval supply and consequently fewer juvenile corals (Gilmour et al. 2013) . At Trunk Reef, however, high levels of coral loss in 2001/2002 have been followed by an extended period without any major disturbances, enabling the rapid re covery of corals, especially Acropora (Pratchett et al. 2009 ).
Superimposed upon marked regional variation in the composition of juvenile coral assemblages, there were significant differences in the relative abundance of taxa, especially on Moorea. On Moorea, the abundances of each taxon of juvenile corals was lowest at the exposed site, Haapiti, with the reductions being most pronounced in Acropora and Porites. Consequently, the relative abundance of juvenile Pocillopora was much higher at Haapiti than at Tiahura and Vaipahu. Pocillopora may be able to colonise the frequently disturbed environment of Haapiti faster than Acropora and Porites, which may need longer residence times and lower flushing rates for planula to settle on the substratum (Sammarco & Andrews 1988) . In contrast, there was little variation in the rel- Table 5 . Relationship between density of juvenile corals and cover of adult corals on Moorea and Trunk Reef. Pearson's correlation coefficients (r) are given for correlations for all coral taxa collectively (i.e. total coral cover vs. total juvenile density), and the 3 most abundant genera independently (e.g. Acropora cover vs. juvenile Acropora density). Correlations are based on the cover of adult corals and the mean density of juvenile corals per transect (n = 9). Significant results (p < 0.05) are in bold ative abundance of Pocillopora among sites on Trunk Reef, and this may be related to geographical differences in their major reproductive mode. The dominant species of Pocillopora in Moorea (Po cil lopora meandrina and Pocillopora verrucosa) are broadcast spawners , whereas the dominant species on Trunk Reef (Pocillopora damicornis) is a brooder.
The present study revealed marked within-reef variation in the overall density, mortality and growth rates of juvenile corals, whereas differences at the larger geographic scale were mostly related to differences in the composition of juvenile and adult coral assemblages. Interestingly, there were no significant differences in the density of juvenile corals between Moorea and Trunk Reef, despite adult coral cover being 3-fold higher on Moorea compared to Trunk Reef. This suggests that contemporary adult coral assemblages are structured more by differential adult mortality, larval settlement, or very early post-settlement mortality (before colonies can be ob ser ved in situ), rather than juvenile growth and mortality. Both Trunk Reef and Moorea have been subject to coral bleaching and outbreaks of Acanthaster planci, which have caused high levels of coral mortality since 2002 (Pratchett et al. 2009 ). There may have also been changes in settlement rates since initial surveys suggested they were much lower at Moorea than in the central GBR ), but there have not been any recent studies of coral settlement rates at these locations. Further studies are clearly necessary to elucidate the relative importance of larval supply and settlement, and early post-settlement mortality in shaping juvenile and ultimately adult coral assemblages in different locations. Importantly, the vulnerability and resilience of coral assemblages in different geographical regions will require an under standing and integration of key demographic processes across multiple life stages. 
